The properties of a prototype ternary semiconductor with the chalcopyrite structure -MgSiP2 -are studied as a function of lattice constant, tetragonal distortion, and anion displacement with the use of the ab initio density-functional method. This system is then used as a general model for understanding the chemical and structural differences between a binary tetrahedral semiconductor (e.g. , zinc blende) and its isoelectronic ternary analog (e.g., MgSiP2). 
) are related generically to their binary zinc-blende A'"Cv analogs (e.g. , A1P, space group Td2) in the same way as the latter are related to the diamondlike 8' 8' homopolar semiconductors (e.g. , Si, space group 0»). Much as a (hypothetical) nuclear disproportionation converts the diamond structure of '"Si' Si into the zinc-blende structure ' Al' P, so does an analogous cation disproportionation convert the (doubled unit cell) zinc-blende structure of ' Al' AlP2 into the chalcopyrite structure ' Mg' SiP2 . All three structure types show a fourfold tetrahedral coordination with an average of four electrons per atom (GrimmSommerfeld compounds) and exhibit covalent semiconducting properties. ' Ho~ever, whereas the diamond-to-zincblende sequence offers but a single added (chemical) feature (the distinction between a cation and an anion), the zinc-blende-to-chalcopyrite sequence offers, in addition to a new chemicaf degree of freedom (the distinction between one and two cations), two new structural degrees of freedom. These are2 (i) the ability of the crystallographic c axis to deviate from twice the a axis (denoted here as the tetragonal distortion q = c/2a), and (ii) the ability of the anion to be displaced from its ideal tetrahedral site, creating two dissimilar anion-cation bond lengths Rqc and Rttc [a 
BULK PROPERTIES
The calculated structural constants of MgSiP2 (Table I) agree to within 1% -3% with the experimental values, "
showing that the pseudopotential local-density theory is able to predict not only the volume of the unit cell (as has been done before for binary semiconductors'2), but also more subtle properties such as the tetragonal distortion and internal displacements.
We have also included in Table I the predictions of the "conservation of tetrahedral bonds" (CTB) model, shown previously to reproduce the trends in the structural parameters of chalcopyrite semiconductors.
The present ab initio model is seen to be more accurate. 
In the second step, we allow (a, q, u) to relax to achieve a minimum in the total energy and study the function F (a, q, u (Fig. 3) , as the Mg -P bond becomes more ionic and the Si -P bond becomes more covalent.
The sensitivity of the band-structure eigenvalues to the cation replacement 4e"k depends on the corresponding wave functions. We can further decompose AF into individual contributions due to the change in each separate structural parameter, bF', dW, and AF". The sum AF +AFs represents the net change in property F in going from the binary to the ternary system, each at its respective equilibrium structure.
as much as 0.8 eV. The X3, state at the bottom of the conduction band of A1P has most of its amplitude in the interstitial region and therefore is only slightly affected by the cationic replacement. This insensitivity, combined with the insensitivity of the 1~5"state, is responsible for the small dependence of the band gap on the cation electronegativity difference, d, Eg = -0.03 eV. Since the valence band is mainly anionic in character, most of the band structure of the unrelaxed MgSiP2 is similar to the band structure of A1P folded into the chalcopyrite Brillouin zone. There are, however, a few noticeable exceptions, associated with the A1P wave functions which have large cationic character (those contributing to the partial covalent bonding character of AlP). The second lowest valence bands at X and W in AlP are such examples. They interact strongly in unrelaxed MgSiPz (having similar energies in AIP, and the same I 2 symmetry in the chalcopyrite space group), and shift by 1.5-2.5 eV, giving rise to, among other features, the band associated with the Si -P bond. All of these effects are missed by virtual-crystal approaches, or by band-structure folding approaches.
STRUCTURAL RELAXATION EFFECTS
Allowing MgSiPz to relax to its equilibrium structure [Eq. (2)] induces large changes in the internal structural parameters. Although the volume of the unit cell changes by only 0.6%, the value of q and u change, respectively, by 14% and 15/o. The relaxation is accompanied by a lowering (i.e. , stabilization) of the total energy of AE", = -1 eV per unit cell. The shifts Ae"k in the band-structure energies are of order 0.5 eV. Their most noticeable effect is to lift the quasidegeneracies of the unrelaxed MgSiP2 band structure. For instance, the I"4"and I 5"states at the top of the valence band, split by only 0.03 eV before relaxation, are now split by ACF=0.5 eV in the equilibrium geometry. The relaxation reduces the band gap by AEg = -0.49 eV, giving a total reduction of the band gap with respect to AlP of 5Eg = hE~+AEg = -0.52 eV. This reduction of the band gap with respect to the binary analog (the "band-gap anomaly "z) is a universal feature of ternary compoundsz and shares the same underlying physical mechanisms with optical bowing in semiconductor alloys, 2' i.e. , the existence of two different bond lengths in the compound. This effect too is missed by virtual-crystal approaches. Notice that we observe both a stabilization of the total energy (/sEtst & 0) and a reduction of the band gap (EEg & 0), in contrast with the dielectric model, 2 where the reduction in band gap is associated with raising the valence band, hence, a destabilizatIon of the total energy. The crystal-field splitting Acp is rather insensitive to changes in volume at constant c/a. Increasing u slightly stabilizes I"4"with respect to 1 5", but the splitting between these two levels is more sensitive to the value of c/a. 
